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Germ Plasm Utilization in Beef Cattle
Keith E. Gregory,LarryV. Cundiff, and Robert M. Koch'
Introduction
Heterosis achieved through well-organized
crossbreedingsystemscanbeusedto increaseweight
of calfweanedpercowexposedto breedingbyabout
20%.Comprehensiveprogramsofbreedcharacterization
haverevealedlargedifferencesamongbreedsformost
biologicaltraitsof economicimportance.
A highpercentageofbeefcattleintheU.S.andglobal-
ly arein herdstoo smallto usewellorganizedcross-
breedingsystemson a self-containedbasis.Further,
thereis widefluctuationinbreedcompositionbetween
generationsin rotationalcrossbreedingsystems.Thus,
thereis needforexperimentalevaluationof thepoten-
tialof compositepopulationsasanalternative,or,as a
supplementtocontinuouscrossbreedingsystemstouse
heterosis,and,asaproceduretousegeneticdifferences
amongbreedstooptimizesuchbiologicalcharactersas
growthrateandmaturesize,milkproductionlevel,lean-
to-fatratio,andclimaticadaptability.Theprimaryobjec-
tiveof achievingandmaintainingoptimumbreedcom-
positionis tosynchronizecattlegeneticresourceswith
theproductionenvironmentmostfavoredbyeconomic
andtechnologicalfactorsandwithmarketrequirements.
Thesituation.Morethan55% of the nationalbeef
breedingherd,involving92%of thefarmsandranches
thathavebeefbreedingcows,is representedbyherds
thathave100or fewercows.Organizedcrossbreeding
systemsfavorherdsizeof 100or morecows.Theprob-
lemofachievingandmaintainingthemostoptimumcon-
tributionbyeachbreedusedinrotationalcrossbreeding
systemsis reflectedbythefactthatinatwo-breedrota-
tionsystem,ineachgeneration,66.7%ofthegenesare
fromthebreedof thesireand33.3%of thegenesare
fromthebreedof thematernalgrandsireatequilibrium
(7generations);andina three-breedrotationsystem,in
eachgeneration,57%of thegenesarefromthebreed
of thesire,29%of thegenesarefromthebreedof the
maternalgrandsire,and14%of thegenesarefromthe
breedof thematernalgreatgrandsireatequilibrium(7
generations).If theoptimumcontributiontoachievemax-
imumadaptabilitytotheproductionsituationshouldbe
25%foraspecificbreed,theoptimumis approachedin-
frequentlyin rotationalcrossbreedingsystems.
Retentionof initialheterozygosityfollowingcrossing
(F1)andsubsequentrandommatingwithinthecrosses
(interse') is afunctionof thenumberof breedsandthe
proportioneachbreedcontributestoacompositepopula-
tion.Retentionof initial(F1)heterozygosityis propor-n
tional to 1 -~ Pf, where Pi is the fraction of each of nI
breeds in the pedigreeof a composite population;e.g.,
three-breedcompositeformedfrom3/8breedA, 3/8breed
8, and 1/4breedC = 1 - [(3/8)2+ (3/8)2+ (1/4)2]= .656.
Where the breedscontributeequallyto the foundation
of a composite population, retention of initial
'Gregory is a research geneticist, Genetics and Breeding
Unit, MARC; Cundiff is the research leader, Genetics and
BreedingUnit,MARC; andKoch is a professorof animalscience,
Universityof Nebraska-Lincoln.Appreciationis expressedtothe
cattleoperationsstaff,GordonHays,Manager,for collectionof
these dataand to Darrell Light for data analyses.
heterozygosityfollowingcrossingcan be computed
~ , wheren is the numberof breedscontributingequal-
lytothefoundationofacompositepopulation;e.g.,four-
breedcompositeformedfrom1/4breedA, 1/4breed8,
1/4breedC, and1/4breedD, = ~ =3/4 =.75.The
loss of heterozygosityoccursbetweenthe F1andF2
generationsin populationsmatedinterse'. Thus,for
maternaltraits,performanceof F2generationdamsis
evaluatedin theirF3generationprogeny.
Computationsof heterozygosityretainedindifferent
matingtypesandestimatesof theincreaseinweightof
calfweanedpercowexposedtobreedingasa resultof
heterosisarepresentedinTable1.Theseestimatesof
heterosisareappropriateif retentionofheterosisis pro-
portionalto retentionof heterozygosityin composite
populations.As indicatedbyTable1,thepercentageof
F1 generationheterozygosityretainedin composite
populationsbasedonapproximatelyequalcontribution
by eitherthreeor four breedsequalsor exceedsthe
percentageof F1generationheterozygosityretainedin
acontinuoustwo-breedrotationalcrossbreedingsystem
afterequilibriumis reached.A primaryobjectiveof this
projectis to determineexperimentallyif retentionof
heterosisin compositepopulationsis proportionalto
retentionof heterozygosity.
Researchresults from rotationalcrossbreeding
systemshaveshownthatretentionofheterosisisapprox-
imatelyequalto retentionof heterozygosity.Thus,pro-
duction increasesas a result of heterosiscan be
estimatedwith precisionfor differentcrossbreeding
systemsif thelevelof heterosisforthetraitsof interest
is known.
Researchobjectives.Specificresearchobjectivesof
theGermPlasmUtilizationProjectare:(1)Determinethe
percentageof initialheterosis(F1)thatis retainedin
compositepopulations;Le.,towhatextentis retention
ofheterosisproportionalto retentionofheterozygosity;
(2)Determinetheadditivegeneticvariance,particularly
for traitscontributingto reproductiveperformance,in
compositepopulationsrelativeto parentalpurebred
populationscontributingtothecomposites;Le.,isselec-
tionformaleandfemalereproductivetraitsmoreeffec-
tivein compositepopulationsthanin thecontributing
purebreds;(3)Developeffectiveselectioncriteria ndpro-
cedurestoimprovebothmaleandfemalereproductive
performanceinbeefcattle;(4)Determinethefeasibility
of developingnewpopulationsof beefcattlebasedon
amulti-breed(composite)foundationasanalternativeto
rotationalandothercrossbreedingsystemsto utilize
heterosis;and (5)Determinethe feasibilityof using
geneticdifferencesamongbreedsformakingmorerapid
progresstowardoptimizingsuchbiologicalcharacters
as (a)climaticadaptability,(b)growthrateandmature
size,(c)carcasscomposition,and(d)milkproduction.
Thethreecombinationsofbreedsthatcontributeto
thethreecomposites(MARCI, MARCII, andMARCIII)
wereidentifiedwiththeintentof producingcomposite
populationsofdifferentbiologicaltype(e.g.,bioeconomic
traits)usingaseriesofbreedcombinations.Resultsob-
tainedinvolvingseveralbreedcombinationsaffectsthe
inferencesthatcanbemadein applicationof theprin-
ciplesbeinginvestigated(Le.,researchobjectives)bythe
experiment.
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Table 1-Heterozygosity of differentmatingtypes and estimatedincrease
in performanceas a result of heterosis
Matingtype
Pure breeds:
Two-breedrotationatequilibrium
Three-breedrotationatequilibrium
Four-breedrotationatequilibrium
Two-breedcomposite:
F3 - 1/2A,1/2B
F3 - 5/8A,3/8B
F3 - 3/4A,1/4B
Three-breedcomposite:
F3 - 1/2A,1/4B,1/4C
F3 - 3/8A,3/8B, 1/4C
Four-breedcomposite:
F3 - 1/4A,1/4B,1/4C,1/40
F3 -3/8A,3/8B, 1/8C,1/80
F3 - 1/2A,1/4B,1/8C,1/80
Five-breedcomposite:
F3 - 1/4A,1/4B,1/4C,1/80, 1/8E
F3 - 1/2A,1/8B,1/8C,1/80, 1/8E
Six-breedcomposite:
F3 - 1/4A,1/4B,1/8C,1/80, 1/8E,1/8F
Seven-breedcomposite:
F3 - 3/16A,3/16B,1/8C,1/80,1/8E,1/8F,1/8G
Eight-breedcomposite:
F3 - 1/8A,1/8B,1/8C,1/80, 1/8E,1/8F, 1/8G,1/8H
"Basedonheterosiseffectsof8.5%forindividualtraitsand14.8%formaternaltraitsandassumesthatretentionf
heterosisisproportionaltoretentionofheterozygosity.Theseestimatesofheterosiswereobtainedinacrossbreedingexperi-
mentinvolvingtheAngus,Hereford,andShorthornbreedsthatwasstartedattheFortRobinsonBeefResearchStationand
completedatMARC.
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Est. increase in
Heterozygosity calf wt wnd per
percent cow exposed"
relativeto F1 ('!o)
0 0
66.7 15.5
85.7 20.0
93.3 21.7
50.0 11.6
46.9 10.9
37.5 8.7
62.5 14.6
65.6 15.3
75.0 17.5
68.8 16.0
65.6 15.3
78.1 18.2
68.8 16.0
81.3 18.9
85.2 19.8
87.5 20.4
Table 2-Germ Plasm Utilization Project. approximate number of calving
femalesa
Year
Breedgroup 1986 1987 1988 1989 1990 1991
MARC 1-1/4C, 1/4B,1/4L,1/8H,1/8A
F1 152 116 99 84 71 60
F2 132 110 100 100 100 111
F3 18 44 82 120 120 120
MARC 11-1/4S, 1/4G,1/4H,1/4A
F1 115 92 78 66 56 48
F2 120 110 100 80 79 87
F3 48 104 120 120 120 120
MARC 11I-1/4R, 1/4H,1/4P, 1/4A
F1 155 150 127 100 84 71
F2 76 128 120 120 120 120
F3 16 44 80 120 133
Composite total 816 870 870 870 870 870
Hereford(H) 110 90 90 90 90 90
Angus (A) 91 90 90 90 90 90
Limousin (L) 109 90 90 90 90 90
Brown Swiss (B) 91 90 90 90 90 90
Charolais (C) 103 90 90 90 90 90
Gelbvieh(G) 94 90 90 90 90 90
Simmental(S) 93 90 90 90 90 90
Red Poll (R) 91 90 90 90 90 90
Pinzgauer(P) 80 90 90 90 90 90
Purebredtotal 862 810 810 810 810 810
Grand total 1,678 1,680 1,680 1,680 1,680 1,680
"Femalesexposedto breedingwillbe2,400;i.e.,1,680calvingfemalesand720yearlingheifers.After1965breeding
season,openfemaleshavenotbeenretained.
-- .---
Procedure
Matings to Produce F1'sa
MARCI
(C x LH) x (B x LA)
or
(C x LA) x (B x LH)
Reciprocals
MARC III
(PA) x (RH)
or
(PA) x (HR)
Reciprocals
Mean
'Compositesestablished from same animals used in purebredfoundationwhere C = Charolals, L = Llmousin, H = Hereford,B = Brown Swiss, A = Angus, G =
Gelbvieh,S = Slmmental,P = Plnzgauer,and R = Red Poll.
binpopulationsmatedinter se', loss of heterozygosityoccurs betweenthe F, and F2generationsand, If inbreedingIs avoided,subsequentloss of heterozygositydoes
not occur.
'Hi denotes individualheterosis expressedby progenyand Hmdenotes maternalheterosisexpressedby dam of progenyand assumes retentionof heterosis is propor-
tional to retentionof heterozygosity.
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Matings to produce F2'S F1 x F1 F1 x F1 F1 x F1
Matings to produce F3'S F2 x F2 F2 x F2 F2 x F2
Breedcomposition of .25B,.25C,.25L,.125H,.125A .25G,.25S,.25H,.25A .25P,.25R,.25H,.25A
F1 and subsequent
generations
F1 Heterozygosityb .94 1 1 .98
F2 Heterozygosity .78 .75 .75 .76
F3 Heterozygosity .78 .75 .75 .76
F1 Heterosisc .94Hi + 1 Hm 1 Hi + 1 Hm 1 Hi + 1 Hm .98Hi + 1 Hm
F2 Heterosis .78Hi + .94Hm .75Hi + 1 Hm .75Hi + 1 Hm .76Hi + .98Hm
F3 Heterosis .78Hi + .78Hm .75Hi + .75Hm .75Hi + .75Hm .76Hi + .76Hm
F4 Heterosis .78Hi + .78Hm .75Hi + .75Hm .75Hi + .75Hm .76 Hi + .76Hm
All femaleshavebeen retainedfor breeding,andex-
cess femaleshavebeen removedfrom each population
on nonperformancecriteria.The samecriteriahavebeen
used to identify males for use in all populations,e.g.,
color in composite populations and avoidanceof ex-
tremesinall populationsin regardto wt andskeletaland
muscular anatomy.The same basic criteria have been
used in all breedgroups (purebredand composites) in
identifyingmales to use and in the removalof females
excess to the needs of the project.
The specific matingplanused to producethe F1tF2,
and F3generationsof the threecomposite populations
and their breed composition is provided by Table 3.
Heterozygosityfor the F1'F2,andF3generationsandex-
pectedheterosis for both individualand maternaltraits
is given in Table 3. Values givenfor heterosis for both
individual(Hi) and maternal(Hm)traits assumes reten-
tion of heterosis proportional to retention of
heterozygosity.Loss of heterozygosityin interse' mated
populationsoccurs betweenthe F1 and F2 generations
and,if inbreedingis avoided,furtherlossof heterozygosi-
ty is notexpected.Becauseheterosisfor maternaltraits
is expressedin progeny,heterosis for maternaltraits is
expressed in F3 generation progenyof F2 generation
dams (Table3).
In Composite MARC I, the F1 generationwas pro-
duced from 1978through 1983,the F2 generationwas
produced starting in 1980,and the F3 generationwas
producedstartingin 1982.In CompositeMARC II, the F1
generationwas producedfrom1978through1982,the F2
generationwas produced starting in 1980,and the F3
generationwas producedstartingin 1982.In Composite
MARC III, the F1 generationwas produced from 1980
through 1984,the F2 generationwas producedstarting
in 1982,andthe F3generationwas producedstartingin
1984.Purebred contemporarieshave been maintained
since 1978for all exceptthePinzgauer.For thePinzgauer
- ---.
breed,the first 3/4Pinzgauerwereproducedin 1980,7/8
Pinzgauer(purebredin females)wereproducedin 1982,
and 15/16Pinzgauer(purebredin males)havebeenpro-
ducedsince 1984.The BrownSwiss breedaveragesabout
7/8dual-purposetypefrom Europe(Braunvieh)andwas
established by using semen from nine Braunviehsires
fromSwitzerlandandGermany(Bavaria),startingwith a
female foundation of typical dairy-typeBrown Swiss
females obtained as heifer calves in Wisconsin and
Minnesotain 1967and1968.The gradingtowardtheEuro-
peandual-purposetypeof BrownSwiss startedin 1969.
The current phase of this experimentwill be com-
pletedwiththe productionandgrowingoutthroughyear-
ling age of the calf crop to be born in 1991.
Results
Growthtraits.Breedgroupmeansandstandarderrors
for the ninepurebredsandfor the F1'F2'and F3genera-
tionsof eachof thethreecompositepopulationsfor birth,
weaning,andyearlingwt are presentedin Tables 4 and
5 for bulls and heifers, respectively.These data were
analyzedas individualtraits.Differencesaresmallamong
the Charolais, Simmental, Gelbvieh, Pinzgauer, and
Brown Swiss breeds for these wt traits. The Limousin
breedis intermediateingrowthtraits;theAngusandRed
Poll breedsare similar to each other;and the Hereford
breedis lightest in weaningand yearlingwt. The three
compositepopulationsarecloserinwttraitstothehigher
gainingpurebredparentsthantheyareto thelowergain-
ing purebredparents.
Heterosisestimatesfor the F1'F2'andF3generations
for each composite populationand meanheterosis for
the F1' F2,and F3 generationsfor the three composite
populations for birth, weaning, and yearling wt are
presentedinTables6 and7 for bulls andheifers,respec-
tively.The numberson which theseestimatesarebased
are provided in Tables 4 and 5 for bulls and heifers,
aN = Numberobservations.
"SE = StandardError.
'MARC I is 1/48,1/4L,1/4C,1/8H,1/8A;MARC II is 1/4H,1/4A,1/4S,1/4G;MARC III is 1/4R,1/4H,1/4A,1/4P.
of,, F" F3is first, second, andthird generationof matingsto produceanimalsof the samebreedcomposition,Le., inter
se' mating.
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Table 4-Breed group meansand standarderrors for birth, weaning,and
yearlingweight of bulls. Germ Plasm Utilization Project. 1978.1985
Breed Birth 200-day 368-day
group Na wt(Ib) SEb wt(Ib) SE wt(Ib) SE
Mean 5,086 93 .4 512 1.5 972 2.7
Red Poll (R) 348 84 .9 470 4.0 880 7.0
Brown Swiss (B) 367 100 .8 540 3.5 1,005 6.1
Hereford(H) 382 80 .9 406 4.0 831 7.1
Angus (A) 666 75 .7 436 2.9 866 5.1
Simmental(S) 364 97 .8 547 3.3 1,034 5.7
Limousin (L) 363 90 .8 470 3.7 902 6.4
Charolais (C) 324 103 .9 531 4.0 1,025 7.1
Gelbvieh (G) 284 97 1.0 558 4.1 1,021 7.2
Pinzgauer(P) 143 107 1.4 547 5.8 1,019 10.1
MARC I F1cd 238 94 1.1 522 4.6 1,001 8.1
F2 245 96 1.1 529 4.7 1,005 8.2
F3 55 98 1.8 520 8.0 986 13.8
MARC II F1cd 341 91 1.0 551 4.4 1,010 7.8
F2 365 93 1.0 525 4.1 1,005 7.3
F3 156 92 1.2 527 5.0 999 8.6
MARC III F1cd 237 91 1.2 505 5.0 961 8.8
F2 190 91 1.3 509 5.4 979 9.5
F3 18 92 3.0 522 12.9 988 21.9
Table 6-Heterosis for birth, weaning, and year.
ling weight of bulls8 . Germ Plasm Utilization
Project . 1978.1985
Traits
Birth 200-day 368-day
Contrast wt (Ib) wt (Ib) wt (Ib)
- - - - - - - - - - - - - - - - MARC1- - - - - - - - - - - - - - --
F1 minus Purebreds 1.5 31 55
F2 minus Purebreds 2.9 37 62
F3 minus Purebreds 5.7 29 40
- - - - - - - - - - - - - - - - MARCII - - - - - - - - - - - -. - --
F1 minus Purebreds 3.5 62 73
F2 minus Purebreds 5.7 37 66
F3 minus Purebreds 4.8 40 62
- - - . . - - - - . - - - - -MARCIII - - - - - - - . - - - - - - - -
F1 minus Purebreds 4.4 40 62
F2 minus Purebreds 4.2 44 82
F3 minus Purebreds 5.5 57 88
. - . . - - - . - . - . - MeanHeterosis.- - - - - - - - . . - .
F1 minus Purebreds 3.1 44 64
F2 minus Purebreds 4.2 40 70
F3 minus Purebreds 5.3 42 64
'See footnotes In Table 4.
respectively.Heterozygosityfor F1' F2,and F3 genera-
tions and expected heterosis for both individual and
maternaltraits for F1. F2. F3. and F4 generationsare
presentedinTable3 for eachcompositepopulationand
for the meanof the three composite populations.
Because of limited numbers, the estimates of
heterosis for the F3 generationfor these growth traits
shouldbe interpretedwithsomedegreeof caution.These
earlyresultsfor growthtraitsarebasedon datafromcalf
crops born through 1985.The approximateadditional
numbersof F2.F3.and F4generationprogenyout of F1>
F2.andF3generationdamsexpectedfrom1986through
1991aregiveninTable2.Eventhoughadditionalnumbers
Table7-Heterosis for birth,weaning,andyearling
weight of heifersa. Germ Plasm Utilization
Project. 1978.1985
Traits
Birth 200-day 368-day
Contrast wi (Ib) wt(Ib) wi (Ib)
MARC 1 - --
F1 minus Purebreds 4.6 40 62
F2 minus Purebreds 4.8 40 66
F3 minus Purebreds 10.4 48 82
. - -. - -.. -.. MARCII - - - - -. -.........
F1 minus Purebreds 2.2 35 37
F2 minus Purebreds 4.4 29 48
F3 minus Purebreds 4.4 40 57
-. - MARC III. -.. ..-
F1 minus Purebreds 4.4 29 51
F2 minus Purebreds 3.7 40 64
F3 minus Purebreds 4.2 35 64
. . . - - - - - . - - . . MeanHeterosis- . . . . . . . . . - - .
F1 minus Purebreds 3.7 35 51
F2 minus Purebreds 4.4 35 60
F3 minus Purebreds 6.4 42 68
'Seefootnotesin Table 5.
of the F2 generation will be produced. the number
(Tables 4 and 5) of the F2 generationon which these
estimatesof heterosisarebasedaresufficiently largeto
indicate that retentionof heterosis is proportionalto
retentionof heterozygosityfor individualgrowthtraits.
The F2 generation is expected to reflect about three-
fourths of the F1 generation level of heterosis for in-
dividual traits and all of the F1 generation level of
heterosisfor maternaltraits,whereas,the F3generation
is expected to reflect about three.fourths of the F1
generation level of heterosis for both individual and
maternaltraits; I.e., further loss of heterosis is not ex-
pected(Table3).
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Table 5-Breed group means and standard errors for birth, weaning, and year.
ling weight of heifers. Germ Plasm Utilization Project. 1978.1985
Breed Birth 200-day 368-day
group Na wt(Ib) SEb wt(Ib) SE wt (Ib) SE
Mean 5,090 87 .3 481 1.4 739 2.2
Red Poll (R) 349 79 .8 432 3.7 653 5.9
Brown Swiss (B) 353 93 .7 512 3.3 765 5.2
Hereford (H) 382 75 .8 379 3.9 608 6.2
Angus (A) 663 70 .6 412 2.8 666 4.4
Simmental (S) 379 90 .7 516 3.1 774 4.8
Limousin (L) 360 84 .7 441 3.5 686 5.4
Charolais (C) 373 96 .8 503 3.5 776 5.5
Gelbvieh (G) 303 92 .8 529 3.9 774 6.1
Pinzgauer(P) 148 98 1.2 522 5.6 772 8.8
MARC I F1cd 237 91 1.0 503 4.4 778 7.0
F2 203 91 1.0 505 4.6 783 7.3
F3 50 96 1.7 514 7.6 798 11.6
MARC II F1cd 332 84 .9 496 4.2 743 6.8
F2 372 86 .9 487 4.0 754 6.5
F3 126 86 1.1 498 5.0 763 7.6
MARC III F1Cd 251 85 1.0 465 4.8 728 7.6
F2 185 84 1.1 476 5.2 739 8.1
F3 24 84 2.3 472 10.4 739 15.7
'N = Numberobservations.
.SE = StandardError.
<MARClis 1/48,1/4L,1/4C,1I8H,1/8A;MARCIlls 1/4H,1/4A,1/48,1I4G;MARCIII Is 1/4R,1/4H,1/4A,1/4P.
dF,.F" F31sfirst,second,andthirdgenerationofmatingstoproduceanimalsof thesamebreedcomposition,Le.,infer
se' mating.
- - - -- - --------
Based on theseearly results,we conclude that level
of heterosis in the F1generationis high for birth,wean-
ing, andyearlingWt in all threecomposite populations,
is reasonablyuniformamongthethreecompositepopula-
tions, and,on a percentagebasis, is greaterin females
than in males(Tables6 and 7).The levelof heterosis in
the F2generationaveragesapproximatelythe sameas
in the F1generationfor birth,weaning,and yearlingwt
eventhoughthe F2generationis expectedto haveless
heterosis for individual traits than the F1 generation
becauseexpectedloss of heterozygosityhasalreadyoc-
curred. The F3 generation reflects expected loss of
heterosis for both individualand maternaltraits (Table
3).The levelof heterosisobservedfor birth,weaning,and
yearling wt in the F3 generation is approximatelythe
same as observed for these traits in the F1 and F2
generationsfor bothmalesandfemales(Tables6 and7),
but,as statedpreviously,theheterosisestimatesfor the
F3 generationshould be interpretedwith some degree
of cautionbecauseof limitednumbersof F3generation
included in these analyses (Tables 4 and 5).
Reproductionandmaternaltraits.Breedgroupmeans
for the ninepurebredsandfor the F1andF2generations
of composite populationsfor some reproductiontraits
and for some reproduction and maternal traits com-
binedarepresentedinTables8 and9,respectively.These
data were analyzedas traits of the dam. The results
presentedinTables8,9,10,and11arebasedonanalyses
of observationsof F1 and F2 generationfemales,and,
when calf traits are involved,their F2and F3generation
progeny.The productionof F2generationprogenyby F1
generation dams is expected to reflect about three-
fourthsof F1generationlevelof individualheterosisand
all of the F1 generation level of maternal heterosis,
whereas,the productionof F3generationprogenyby F2
generation dams is expected to reflect about three-
fourths of F1 generation level of both individual and
maternalheterosis;Le., further loss of heterosis is not
expected(Table3).
Table 8-Breed group means for reproduction traits. Germ Plasm Utilization Project. 1979.1986
Adjusted Concept. Concept. Calt
age at rate, rate, crop wnd,
pubertyb yearllngb all ages all agesc
(days) (%) (%) (%)
376 78.3 85.7 76.9
Breed
group
Mean
Pubertyb
(%)
17,402 89.8
Largedifferenceswereobservedamongthepurebreds
for most reproduction traits. Composite populations
generallywereequalto, or exceeded.,the superiorcon-
tributingpurebredparentsfor reproductiontraits(Table
8).When reproductionandmaternaltraits arecombined
(e.g., 200-daywt per cow exposed or actual calf wt
weanedpercowexposed),evenlargerdifferencesamong
thepurebredswereobserved,andcompositepopulations
generallyequalledor exceededthesuperiorcontributing
purebredparents(Table 9).
Heterosisestimatesfor the F1andF2generationsfor
each composite populationand meanheterosis for the
F1 and F2 generationsfor the three composite popula-
tions arepresentedinTables 10and 11,respectively,for
somereproductiontraitsandforsomereproductiontraits
combinedwith maternaltraits.The effects of heterosis
weresignificant in boththe F1and F2generationsfor all
reproductionandmaternaltraits exceptcalvingdifficul-
ty (%)andcalvingdifficultyscore(Table10).Eventhough
theeffects of heterosison birthwt was about51b,it did
not result in increasedcalvingdifficulty (Tables 10and
11).
The numberson which these estimatesof heterosis
arebasedareprovidedinTables8 and9.Heterozygosity
for F1 and F2 generationfemales producing F2 and F3
generationprogenyand expectationsfor heterosis for
both individualandmaternaltraitsarepresentedinTable
3 for eachcompositepopulationandfor the meanof the
threecompositepopulations.Becausethesedatawere
analyzedas traits of the dam when calf traits were in-.
volved (F2 and F3 generation progeny of F1 and F2
generation dams), the F1 generation is expected to
reflectaboutthree-fourthsof the F1generationlevelof
heterosisfor individualtraitsandall of the F1generation
level of heterosis for maternaltraits, whereas, the F2
generationis expectedto reflectabout three-fourthsof
the F1 generationlevelof heterosis for both individual
and maternaltraits (Table3).
Calving
dltt.d
(%)
17.2
Calving
dltt.
score.
1.6
1.4
2.0
1.4
1.2
1.8
1.5
1.6
1.7
1.8
1.6
1.6
1.6
1.7
1.4
1.4
"N = Numberobservationsforconceptionrateallages.
bNumberof heifersper breedgroup =178to 573,% reachingpubertybyendof breedingseason,andadjusfedageat pUbertyIncludesheifersthathadnot reachedpuberty
byendof breedingseason.
cBasedonfemalesofallagesexposedto breeding.
.Calvlngdifficulty=% requiringassistance.
"Calvingdifficultyscore-1 =noassistance,2 =minorhandassistance,3 =little difficulty with calf jack, 4 =slight difficulty, 5 =moderatedifficulty,6 =major
difficulty,7 =caesareanbirth.
'MARClis 1/4B,1/4L,1/4C,1/8H,1I8A;MARCII is 1I4H,1I4A,1/4S,1/4G;MARCIII Is 1/4R,1/4H,1/4A,1/4P.
OF,andF2arefemalesfromthefirstandsecondgenerationof thesamebreedcompositionproducingF2andFJ progeny.
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Red Poll (R) 1,325 93.2 364 81.5 87.3 78.3 13.7
Brown Swiss (B) 1,333 95.7 343 82.2 84.5 73.8 27.0
Hereford(H) 1,396 67.6 435 61.6 77.9 72.7 13.5
Angus (A) 2,385 85.0 411 77.1 84.3 73.4 7.7
Simmental(5) 1,364 93.4 365 83.1 83.5 72.5 21.8
Limousin (L) 1,525 62.2 434 48.9 73.4 70.0 14.4
Charolais (C) 1,390 82.1 402 73.2 83.6 75.7 18.2
Gelbvieh(G) 991 96.0 347 86.1 85.5 78.6 20.3
Pinzgauer(P) 722 98.4 350 88.0 89.0 79.2 22.9
MARC I F1tg 1,003 94.6 377 79.5 89.6 79.0 17.6
F2 485 97.8 368 85.6 91.1 80.5 17.2
MARC II F1tg 1,447 92.9 349 73.8 87.0 79.7 17.9
F2 838 94.9 361 84.5 87.9 79.9 20.4
MARC III F1tg 886 96.5 364 83.1 91.6 82.2 12.7
F2 312 97.5 372 86.1 88.7 77.4 12.8
These earlyresults indicatethat levelof heterosisis
high for most reproductionand maternaltraits (Tables
10and 11).The levelof heterosisfor most reproduction
and maternaltraits averagesalmost as greatfor the F2
generation females as for the F1 generation females
(e.g., F2 and F3 generation progeny out of F1 and F2
generationdamsfor traits included in Tables 9 and 11).
Becauseexpectedloss of heterosishas occurred in F2
generationfemales,and in F3 generationprogenypro-
ducedby F2generationdams,these resultsindicatethat
loss of heterosisis notgreaterthanloss of heterozygosi-
ty for reproductionandmaternaltraits in interse ' mated
composite populations.
A note of interpretationis in order for the lack of
heterosisobservedfor conceptionratein F1generation
yearlingheifers for Composite MARC II (Table10).The
F1 generationin Composite MARC II was producedby
matingmature(6-to 12-yr-old)Simmentalx Angus and
Simmental x Hereford cross females to Gelbvieh x
HerefordandGelbviehxAngus cross males,respective-
ly (Table3).Eventhoughtheserecordswereadjustedas
appropriatefor the effects of differences in ageof dam,
theseadjustmentsdo not removethe negativeassocia-
tion thatexistsfor maternaleffectsbetweengenerations;
Le., a highly favorablematernalenvironment,as provid-
ed bymaturecrossbredcows,mayresultin physiological
damagethat may reduce levelof performancein some
reproductiveand maternaltraits in their daughters.We
think it is likely that the relativelylow conception rate
(73.8%)of the F1 generationyearling heifers in Com-
positeMARC II (Table8)maybetheresultof thefavorable
maternalenvironmentprovidedbytheirmatureSimmen-
tal x Angus or Simmentalx Hereford crossbred dams.
Therewas a normalagedistribution in the damsof the
contributingpurebredcontemporariesto whichtheywere
compared.The relativelylow conception rateof the F1
generationCompositeMARC II yearlingheifersaccounts
for the lack of heterosis in this trait and is not consis-
tentwiththerelativelyhighestimateof heterosisforcon-
ceptionrateobservedin the F2generationof Composite
MARC II yearlingheifers (Table 10).
We do conclude, however, that, based on results
obtainedthrough1986breeding(1987calving),heterosis
retained in composite populations for reproduction
and maternal traits' is likely not less than retained
heterozygosityof the F2 generation relativeto the F1
generation. If inbreeding is avoided, further loss of
heterozygositydoes not occur subsequent to the F2
generation.Collectionof additionaldataon reproduction
and maternaltraits involvingF2' F3, and F4 generation
progenyout of F1' F2, and F3 generationdams (Tables
2 and 3) on calf crops to be born through 1991will
estimate more precisely the relationship between re-
tained heterosis and retained heterozygosityin com-
posite populationsof cattle.
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Table 9-Breed group means for maternal traits and
reproductiontraits combinedwith maternaltraits .
Germ Plasm Utilization Project. 1979.1986
Actual
200-day calf
calfwt wt wnd
percow percow
Breed Birth 200-dayexposed exposed
group Na wt(Ib) wt(Ib) (Ib) (Ib)
Mean 13,347 90.8 495 384 356
Red Poll (R) 948 83.5 456 358 336
Brown Swiss (B) 988 98.2 527 390 356
Hereford(H) 1,064 79.2 397 292 266
Angus (A) 1,680 74.3 428 317 300
Simmental(S) 965 93.8 535 390 363
Limousin (L) 1,126 86.4 457 325 292
Charolais (C) 1,032 98.5 516 393 365
Gelbvieh(G) 790 95.1 540 427 391
Pinzgauer(P) 551 102.3 533 427 401
MARCI F1bc 895 95.5 515 410 377
F2 407 94.9 503 409 381
MARC II F1bc 1,235 91.1 505 406 378
F2 624 90.9 515 418 390
MARC III F1bc 765 89.0 493 408 383
F2 277 88.8 491 382 357
aN = Numberobservations.
"MARCI is 1/48,1I4L,1I4C,1I8H,1I8A;MARCII is 1/4H,1I4A,1/4S,1/4G;MARCIII is
1/4R,1/4H,1/4A,1/4P.
'F, andF2arefemalesfromthefirstandsecondgenerationsof thesamebreedcom.
positionproducingF2andF, progeny.
Table 10-Heterosis for repro.duction traitsa . Germ Plasm Utilization Project. 1979.1986
Adjusted Concept. Concept. Calf
ageat rate, rate, crop Calving Calving
Puberty puberty yearling all ages wnd. dltt. dltt.
Contrast (%) (days) (%) (%) (%) (%) score
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MARC I - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
F1minusPurebreds 15.6 -23 11.1 9.0 5.9 -.004 -.006
F2minusPurebreds 18.7 -32 17.2 10.4 7.4 -.411 -.029
- - - - - - - - - - - - - - - - - - - - - - - - - - - - -. MARCil - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
F1minusPurebreds 7.4 -41 -3.1 4.2 5.4 2.048 .062
F2minusPurebreds 9.4 -29 7.5 5.1 5.6 4.568 .157
. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - MARC III . - . . - . - . - - - - . . - - - - - - - - - - - - - - -
F1minusPurebreds 10.4 -26 6.1 7.0 6.3 -1.756 -.085
F2minusPurebreds 11.4 -18 9.0 4.1 1.6 -1.681 -.071
- - - - - - - - - - - - - - - - - - - - - - - - - - - - Mean Heterosis - - - - - - - - - - . - - - - - - - - - - - - - - - - -
F1minusPurebreds 11.1 -30 4.7 6.7 5.9 .096 -.010
F2minusPurebreds 13.2 -26 11.2 6.5 4.9 .825 .019
"SeefootnotesInTable8.
Table11- Heterosisfor maternaltraitsand reproduction
traitscombinedwithmaternaltraitsa. GermPlasm
UtilizationProject. 1979.1986
200-day Actual
calfwt calfwtwnd
percow percow
Birth 2()O.day exposed exposed
Contrast wt(Ib) wt(Ib) (Ib) (Ib)
- - - - - - - - - - - - - - - - -. MARC1-- - - - - - - - - - --
F1minusPurebreds 5.5 37 56 53
F2minusPurebreds 5.0 25 56 56
- - - - - - - - - - - - - - - - - - - MARCII - - - - - - . - - - . . . - - - - -
F1minusPurebreds 5.5 30 49 48
F2minusPurebreds 5.3 40 61 60
- - - - - - - - - - - - - - - - - . -MARC III - - - - - - - - - - - - - - - - - - -
F1minusPurebreds 4.1 39 60 58
F2minusPurebreds 3.9 38 33 31
- - - - - - - - - - - - - - - - - MeanHeterosis- - - - - - . - - - - - - - - -
F1minusPurebreds 5.0 35 55 53
F2minusPurebreds 4.7 34 50 49
'SeefootnotesinTable9.
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